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Abstract 

Background: Recent epidemiological investigation of different HA subtypes of avian influenza viruses (AIVs) shows 
that the H3 subtype is the most predominant among low pathogenic AIVs (LPAIVs), and the seasonal variations in 
isolation of H3 subtype AIVs are consistent with that of human H3 subtype influenza viruses. Consequently, the 
development of a rapid, simple, sensitive detection method for H3 subtype AIVs is required. The loop-mediated 
isothermal amplification (LAMP) assay is a simple, rapid, sensitive and cost-effective nucleic acid amplification 
method that does not require any specialized equipment. 

Results: A reverse transcription loop-mediated isothermal amplification (RT-LAMP) assay was developed to detect 
the H3 subtype AIVs visually. Specific primer sets target the sequences of the hemagglutinin (HA) gene of H3 subtype 
AIVs were designed, and assay reaction conditions were optimized. The established assay was performed in a water 
bath for 50 minutes, and the amplification result was visualized directly as well as under ultraviolet (UV) light 
reflections. The detection limit of the RT-LAMP assay was 0.1 pg total RNA of virus, which was one hundred-fold 
higher than that of RT-PCR. The results on specificity indicated that the assay had no cross-reactions with other 
subtype AIVs or avian respiratory pathogens. Furthermore, a total of 176 clinical samples collected from birds at the 
various live-bird markets (LBMs) were subjected to the H3-subtype-specific RT-LAMP (H3-RT-LAMP). Thirty-eight H3 
subtype AIVs were identified from the 176 clinical samples that were consistent with that of virus isolation. 

Conclusions: The newly developed H3-RT-LAMP assay is simple, sensitive, rapid and can identify H3 subtype AIVs 
visually. Consequently, it will be a very useful screening assay for the surveillance of H3 subtype AIVs in 
underequipped laboratories as well as in field conditions. 
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Background 

Influenza A viruses are classified into subtypes consisting 
ofl6 hemagglutinin (HA) and 9 neuraminidase (NA) 
based on the antigenic differences of the HA and NA 
proteins, which are surface glycoproteins found on the 
viral envelope [1,3]. While the viruses with all subtypes 
can be detected in wild aquatic waterfowl, only few of the 
subtypes' influenza A viruses can infect mammalian 



* Correspondence: xiezhixuniai26.com: mazhar.khan@uconn.edu 
'Department of Biotechnology, Guangxi Veterinary Research Institute, 51 You 
Ai Road, Nanning, Guangxi 530001, China 

department of Pathobiology and Veterinary Science, University of 
Connecticut, 61 North Eagleville Road Storrs, CT 06269-3089, USA 
Full list of author information is available at the end of the article 



species [1]. Avian influenza viruses (AIVs) can be divided 
into two distinct groups based on their virulence: the 
highly virulent viruses, including H5-and H7-subtype 
AIVs, are called highly pathogenic avian influenza 
(HPAI) and cause high mortality and morbidity; all other 
subtypes are categorized as low pathogenic avian influ- 
enza (LPAI), which cause mild or no symptoms in birds 
[2,4,5]. 

It has been shown that LPAIVs from birds can be a 
potential source of reassortant human influenza A viruses. 
In 1957, the virus that caused the influenza pandemic was 
found to posses three genes from subtype H2N2 from an 
avian virus and all remaining genes from a circulating 
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human H1N1 virus [1]. Moreover, the Hong Kong influ- 
enza virus (H3N2) in 1968 was a reassortant with avian 
(H3) PB1 and HA genes and six other genes from human 
(H2N2) virus [6]. 

Currently, there is no evidence that H5N1 HPAIVs can 
transmit widely between humans; the human-pandemic 
influenza strains are all generated by gene reassortment 
between human influenza viruses, avian influenza viruses 
and swine influenza viruses [7], The influenza A viruses 
spreading in humans recently include seasonal H3N2, 
H1N1 and pandemic influenza A H1N1 viruses. It's nota- 
ble that the results of a recent epidemiological investiga- 
tion into different HA subtype AIVs shows that the H3 
subtype is the predominant subtype among LP AIVs, and 
the seasonal variations in isolation of H3 subtype AIVs are 
consistent with that of human H3 subtype influenza 
viruses [8]. Some research predicts that H3 subtype AIVs 
will get the ability of infecting human directly through 
gene reassortment [9,10]. Consequently, it is important to 
enhance surveillance for H3 subtype AIVs infections and 
to develop a simple, rapid and sensitive detection method. 

Loop-mediated isothermal amplification (LAMP) is a 
new nucleic acid amplification method that uses a set of 
six primers that target the eight site of a conserved gene, 
yielding a large white pyrophosphate ion by-product. The 
result can be viewed by adding a fluorescent metal indica- 
tor to the reaction mix before amplification [11-13]. 
Another significant advantage is that the assay can be per- 
formed in a water bath within 30-60 minutes. Therefore, 
LAMP is simple, rapid and specific enough to detect 
pathogenic microorganisms in field conditions, and cur- 
rently the assay is being used widely for the detection of 
various viral pathogens [14-22]. 

The purpose of the study reported here was specifically 
to enhance the surveillance of the H3 subtype of AIVs by 
developing and optimizing the LAMP technique for the 
rapid detection of H3 subtype AIVs in live birds. 

Methods 

Viral strains and DNA/RNA extraction 

The reference strains of AIVs, clinical samples and other 
avian respiratory pathogens used in this study are listed in 
Table 1 and 2. The Genomic DNA/RNA was extracted 
from 200 ul samples using a DNA/RNA Miniprep Kit 
(Axygen Biosciences, Hangzhou, China), according to the 
protocol suggested by the manufacturer. The DNA and 
RNA were eluted with 40 ul elution buffer and were stored 
at -70°C immediately, until use. 

Design of primers for the RT-LAMP assay 

According to the sequences of the H3 subtype AIVs' 
hemagglutinin (HA) gene available in GenBank (acces- 
sion no. JN003630) and the sequences of viruses isolated 
in China, several primer sets of RT-LAMP assays were 



designed using the LAMP primer design software Primer 
Explorer V4 http://primerexplorer.jp/elamp4. 0.0/index. 
html. Finally, an optimal set was chosen after many com- 
parable experiments to ensure the highest sensitivity and 
specificity of the RT-LAMP assay. The RT-LAMP primer 
set comprising two outer primers (forward primer F3 and 
backward primer B3), two inner primers (forward inner 
primer FIP and backward inner primer BIP), and two 
loop primers (forward loop primer LF and backward loop 
primer LB) recognized eight sites on the target sequence 
specific to the HA gene. The details for the primers are 
shown in Table 3 and Figure 1. 

Optimization of the RT-LAMP conditions 

The RT-LAMP assay was carried out in a conventional 
water bath with 25 ul of reaction mixture (Table 4). The 
concentration of reactions component comprised primers 
(synthesized by Invitrogen), MgS0 4 (Sigma), Betaine 
(Sigma), deoxynucleoside triphosphate (dNTP), RNA tem- 
plate, RevertAid™ M-MuLV Reverse Transcriptase (MBI 
Fermentas) and Bst DNA polymerase (New England Bio- 
labs) were optimized. To visualize the reaction, 25 umol/L 
Calcein (International Laboratory, USA) and 0.5 mmol/L 
MnCLi (International Laboratory, USA) had been added 
previously to the reaction mixture, as suggested by 
the related reports [13]. The amplification reaction was 
performed in a water bath at 59°C, 60°C, 61°C, 62°C, 63°C, 
64°C, and 65°C for 30, 45, and 60 min respectively to find 
the optimal temperature and time. Then the reaction was 
terminated by heating at 80°C for 5 min. All of the experi- 
ments were repeated three times. 

RT-PCR 

Prior to this study, there was no official primer or pro- 
cedure for RT-PCR to detect H3 subtyping of AIVs. 
The outer primers of RT-LAMP (forward primer F3 
and backward primer B3) that were specific to target 
sequence and had high priming efficiency were applied 
in RT-PCR assay of H3 subtype AIVs. The reaction 
condition of RT-PCR was optimized to get the highest 
sensitivity of amplification. Finally, the RT-PCR assay 
was carried out in a 50 ul reaction volume containing 
10 mM of each dNTP, 5 ul of 5 x RT Reaction Buffer, 
200 U of RevertAid™ M-MuLV Reverse Transcriptase, 
5 ul of 10 x Taq Buffer, 5 U of Taq DNA polymerase 
(MBI Fermentas), 10 uM each of B3 and F3 primers 
(Table 3), and lul of extracted RNA, DEPC-treated 
water up to 50 ul. 

The reaction was performed in a Thermal Cycler 
(BIO-RAD) at 42°C for 60 min and at 94°C for 5 min; 
followed by 30 cycles of 94°C for 40 s, 55°C for 30 s, 
and 72°C for 30 s; and a final extension for 10 min at 
72°C. Then the amplified products were analyzed using 
1% agarose gel electrophoresis. 
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Table 1 Clinic cloacal swab samples used to evaluate the feasibility of RT-LAMP assay 


Number 


Sources and identification 


Virus isolation 


RT-PCR 


RT-LAMP 


1 


A/Duck/Guangxi/N42/2009(H3N2) 


+ 


+ 


+ 


2 


A/Duck/Guangxi/M20/2009(H3N2) 


+ 


+ 


+ 


3 


A/Duck/Guangxi/04D3/2009(H3) 


+ 


+ 


+ 


4 


A/Duck/Guangxi/04D8/2009{H3) 


+ 




+ 


5 


A/Duck/Guangxi/01 7D5/2009(H3) 


+ 


+ 


+ 


6 


A/Duck/Guangxi/LZD11/2009(H3) 


+ 


+ 


+ 


7 


A/Duck/Guangxi/LZD15/2009(H3) 


+ 


+ 


+ 


8 


A/Duck/Guangxi/LZD23/2009(H3) 


+ 




+ 


9 


A/Duck/Guangxi/LZD27/2009(H3) 


+ 


+ 


+ 


10 


A/Duck/Guangxi/LZD28/2009(H3) 


+ 


+ 


+ 


1 1 


A/Duck/Guangxi/042D1 6/2009(H3) 


+ 


+ 


+ 


12 


A/Duck/Guangxi/046D6/2009(H3) 


+ 


+ 


+ 


13 


A/Duck/Guangxi/046D1 5/2009(H3) 


+ 


+ 


+ 


M 


A/Duck/Guangxi/048D61 7/201 0(H3) 


+ 




+ 


15 


A/Duck/Guangxi/047D20/201 0(H3) 


+ 


+ 


+ 


16 


A/Duck/Guangxi/047D1 5/201 0(H3) 


+ 


+ 


+ 


17 


A/Duck/Guangxi/047D1 6/201 0(H3) 


+ 


+ 


+ 


18 


A/Duck/Guangxi/049D7/201 0(H3) 


+ 


+ 


+ 


19 


A/Duck/Guangxi/054D2/201 0(H3) 


+ 


+ 


+ 


20 


A/Duck/Guangxi/054D3/201 0(H3) 


+ 


+ 


+ 


21 


A/Duck/Guangxi/054D4/201 0{H3) 


+ 


+ 


+ 


22 


A/Duck/Guangxi/054D7/201 0{H3) 


+ 


+ 


+ 


23 


A/Duck/Guangxi/054D1 6/201 0(H3) 


+ 


+ 


+ 


24 


A/Duck/Guangxi/054D1 9/201 0(H3) 


+ 


+ 


+ 


25 


A/Duck/Guangxi/054D20/201 0(H3) 


+ 


+ 


+ 


26 


A/Chicken/Guangxi/055C2/2010(H3) 


+ 


+ 


+ 


27 


A/Duck/Guangxi/057D1 9/201 0(H3) 


+ 


+ 


+ 


28 


A/Duck/Guangxi/057D6/2010(H3) 


+ 


+ 


+ 


29 


A/Duck/Guangxi/WYD1/2010(H3) 




+ 


+ 


30 


A/Duck/Guangxi/066D1 6/201 0(H3) 




+ 


+ 


31 


A/Duck/Guangxi/068D8/2010(H3) 




+ 


+ 


32 


A/Chicken/Guangxi/068C3/2010(H3) 




+ 




33 


A/Duck/Guangxi/070D8/2010(H3) 


+ 




+ 


34 


A/Duck/Guangxi/070D1 4/201 0(H3) 


+ 




+ 


35 


A/Duck/Guangxi/072D5/201 0(H3) 




+ 


+ 


36 


A/Duck/Guangxi/072D4/201 0(H3) 


+ 


+ 


+ 


37 


A/Duck/Guangxi/072D2/201 0(H3) 


+ 


+ 


+ 


38 


A/Duck/Guangxi/072D7/201 0(H3) 




+ 




39 


A/Chicken/Guangxi/LF/2007 








40 


A/Duck/Guangxi/RX/2009 








HI 


A/Chicken/Guangxi/01 5C7/2009 








'12 


A/Duck/Guangxi/01 5D7/2009 








43 


A/Duck/Guangxi/01 1 D3/2009 








■1-1 


A/Duck/Guangxi/01 1 D1 0/2009 








45 


A/Duck/Guangxi/016D1 0/2009 








46 


A/Duck/Guangxi/016D8/2009 








47 


A/Duck/Guangxi/022D1/2009 








48 


A/Chicken/Guangxi/037C1 0/2009 








49 


A/Duck/Guangxi/LAD9/2009 








50 


A/francolin/Nanning/018B-3/2010 








51 


A/francolin/Nanning/020B-7/201 0 
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Table 1 Clinic cloacal swab samples used to evaluate the feasibility of RT-LAMP assay (Continued) 



^1 

JZ 


A /f ("a n rv-J i n /Manninn /miR 1 ") nni n 

a/ i id ri co ii n/ iNdnr iiny/uzzD i z/ zu i u 








JJ 


A/ 1 Idl ILL) II i 1/INdilllnlLj/UZZD 1 D/ ZU 1 U 








-- .'1 
-> 1 


A/fr;anrnlin/M;a.nninn/099R7/901 0 
A/ lidllLOIIM/INdMI III ILJ/UZZD//ZU 1 U 








DD 


A/L.IIILKL^ri/LDUdriLjXI/UAL.'^/ZU 1 U 








C£ 
JO 


A/LnicKen/buangxi/uooL iu/zu iu 








0/ 


A/wllLKcl l/LjUdl lyXI/UO/L.'H-/ ZU 1 U 








CQ 
JO 


A/LnicKen/uudngxi/Uo/L i/zu I u 










A/Di irle/f^i lannvi/nf^fini S3/901 0 
A/ UULrvOUdliyXI/UDOL> I O/ZU I U 








OU 


a /Hi \r\fiC\ i=n-ir-ivi /n 1 nc; /onno 

A/UULK/oUdi lyXI/U I LO/ZUUy 








61 


A/uucK/buangxi/uzuo/zuuy 








Oz 


a /Hi n-u/r 1 ! nnnvi/mn7 /iooo 
A/uuLK/oUdr iyxi/uzu//zuuy 








DO 


a /rii n-u/f^i nnnvi/n/inc; /tooq 
a/ uuLK/oUdr lyxi/u^uj/ zuuy 








0' I 


A/uucK/ijuangxi/u i uuy/zuuy 








O.J 


A/niifly/(^inr-.^\/i/nii^rr/')nnn 
A/uucK/uuangxi/u i iLiyzuuy 








66 


A/uucK/buangxi/u I iLi//zuuy 








£7 
0/ 


A/uucK/Liuangxi/u i iLo/zuuy 








DO 


a /rii i^i^/Pi i^nr-ivi /m a ni o/oono 
a/ uuLK/LDuanyxi/u i i u/zuuy 








0 y 


A/Pli irle/l^i lannvi/OI ADI ^/OOOG 
A/ UULrvLjUdliyXI/U l^+LJ 1 J/ZUUy 








70 
/ U 


A/Pli irlc/l^i lannvi/OI AHI S3/900Q 

a/ uuLrvLjUdi iyxi/u i hu i o/zuuy 








71 


A/Hi irle/l^i iannvi/01 ^n7/'?00Q 
A/ LJULrvLjUdliyXI/U I DU //ZUUy 








70 
/ Z 


A /Hi i^I/A^i nnnvi /O 1 7n/">nnQ 

A/UULK/'oU.dnyXI/U i /L.z/zuuy 








73 


A /Hi \r-\/ IC\ nnnv! /O 1 7(^1 T/lfinfl 

A/uucK/Ljuangxi/u i /l i z/zuuy 








7 A 


A/Hi irU/r.1 lannvi/m Qfl 7/1000 

a/ uuLrv oudi iyxi/u i yL. i o/zuuy 








1 J 


A/Hi \rV/C\ iannvi/n9(^ni 0/9000 
A/ UULrvLlUdl lyXI/UZOLJ 1 U/ZUUy 








1 0 


A /Hi irlc/(^i lannvi /094r9 /900Q 
A/ LJULK/LjUdl iLj XI/ UZ'HL.Z/ ZUUy 








77 
/ / 


A/Hi irlc/l^i iannvi/094n9/900Q 
A/ UULrvLlUdl lyXI/UZ'HUZ/ZUUy 








7Q 
/o 


A /Hi iz-U/I^i nnnvi /OOPPlA /lOOO 

A/ UULK/uUdl lyxi/uzouo/zuuy 








7Q 

/y 


A /C r^r\c&/C \ i^nr-ivi/0")7r'1 O/TOnQ 

A/ooost^/LDUdnyxi/uz/u i u/zuuy 








fin 

oU 


A/Hi irlc/l^i lannvi/OO^n^/OOOQ 

a/ uuLK/oudi iyxi/uz juo/zuuy 








Q.1 


A/Hi \rV/C\ lannvi /OO^H0 1 /0000 

a/ uuLK/oudi iyxi/uzouz i/zuuy 








QT 

oz 


A/uucivLiuangxi/uz/iJZ/zuuy 








83 


A/uucK/buangxi/UjJL I /zuuy 








QA 


A /Hi \r~\/ IC i -innvi /O^J 3f~T /"700Q 
A/ UULK/LjUdllLjXI/Uj 3L.Z/ ZUUy 










A /Hi i^-l/ /(^ i -innvi 107 7C7. /"700Q 

a/ uuLK/Ljuariyxi/uj jl.o/ zuuy 








oO 


A/Hi irlc/(^i lannvi /0^^rA/9nOQ 
A/ LJULK/oUdl iyXI/U jjL4/ ZUUy 








97 
0/ 


A/Hi irle/r~,[ lannvi /O^^r^/^OOQ 
A/ LJULK/LjUdliyXI/UOjL.J/ZUUy 








QQ 
OO 


A /Hi i^-I/ /r~ i -innvi /H3 5r"7 /OOOQ 

a/ uuLrVoUdriyxi/uo dw/ zuuy 








QQ 


A /Hi i^-I/ IC i nnnvi /O 5 3 1^0/0000 

a/ uuLrVoUdiiyxi/uooLy/ zuuy 








on 
yu 


A /Hi ir-U/r"i I3nnvi/ni5n O/TOOQ 

a/ uuLK/oUdriyxi/uooL. i u/zuuy 








0 1 

y 1 


A /Hi irlc/rii mnnvi/03 1 (^9/9000 

a/ uuLK/vjUdiiyxi/uo i oz/ zuuy 








yz 


A/Hi \r\tlC\ i3nnvi/0^ir;i 1 /"?00Q 

a/ uuLK/oudi iy xi/u d i o i i/zuuy 








Q3 
yo 


A/Hi \r\tlC\ i3nnvi/0^ir;i 0/OOOQ 

a/ uuLK/oudi iy xi/u o i o i z/zuuy 








0 -1 

y- ( 


A /Hi i^-l^/r - ! nnnvi/n/lini /TOOO 

A/uuLK/'oUdriyxi/U'HZLj i/zuuy 








95 


A/UucK/buangxi/U4zUJ/zUU9 








96 


A/Duck/Guangxi/014D4/2009 








97 


A/Duck/Guangxi/042D9/2009 








98 


A/Duck/Guangxi/042D1 0/2009 








99 


A/Duck/Guangxi/042D1 9/2009 








100 


A/Duck/Guangxi/044D6/2009 








101 


A/Duck/Guangxi/044D7/2009 








102 


A/Duck/Guangxi/044D8/2009 








103 


A/Duck/Guangxi/044D1 0/2009 
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Table 1 Clinic cloacal swab samples used to evaluate the feasibility of RT-LAMP assay (Continued) 



1 n/t 


A /Pii \ t~\s IC \ nnnvi AO/M Pl1 1 / jflflQ 
A/UULK/oUdliyXI/U :! 4 i +U 1 Z/ZUUy 


1 UJ 


A/Pli irl<7f^i lanrtvi/flzlAni 7/Ofin.Q 
n/ UULK/oUdl lyXI/U^+'-fLJ 1 //ZUUy 


1 flft 
1 uo 


A/Pli irle/f^i lannvi/Ozlzirzl/OnnQ 
A/ UULrv oUdl lyXI/U'H'HL.'-l/ZUUy 


I u/ 


A /Hi \r\//Ci icin^ivi /C\AA( 7/0000 

A/uucK/ l JUdriyxi/u44 | ^//zuuy 


1 nQ 

I Uu 


a /rii ir-u/r 1 ! i^nr-ivi /n/i 1 m n/onno. 
a/ uuLK/oUdriyxi/u^f i u i u/zuuy 


i uy 


A/uucK/ouancjxi/U4 1 u i i/zuuy 


1 1 u 


A/ UULK/uUdl iy Xl/U^t- I u i j/zuuy 


1 1 1 
i i i 


A/rii iric/f^i lannvi/nziRni ^/om n 

A/ UULK/uUdl iy XI/U^OU I J/ZU I U 


1 1 i 

1 1 z 


A/ UULK/uUdl iy XI/U^oL> 1 O/ZU 1 U 


1 1 3 

1 1 J 


A/UULK/oUdliyXI/U^foUZ/ZU I U 


11/1 

1 1 'I 


A/UUCK/oUdngXI/U4oU 1 u/ZU 1 u 


I I J 


A/UUCK/UUdngXI/r AU//ZU 1 u 


1 1 ft 
1 1 D 


A/Hi irk-A^i lannvi/PYn^/Om fl 
A/ UULK/oUdl iy XI/ r AU J/ZU I U 


117 


A /Hi h-L-/Pi nnnvi/DYHI C; /~>ni O 
A/ UUCK/UjUdiiyXI/ r AU 1 j/ ZU 1 u 


1 1 Q 


a /rii ir-u/r 1 ! nnnvi/n^jni ft/om n 

A/ UULlvoUdnyXI/UjZU I d/zu I u 


1 1 0 


a /rii ir-u/r 1 ! i^nr-ivi /n^ om a /om n 

A/ UUCIvoUdnyXI/UjZLJ l 4/ZU I u 


i on 

1 ZU 


A/ UUCIvoUdnyXI/UjZUo/ ZU I u 


101 

I Z I 


A/ UULrvoUdl lyXI/U jZL>Z/ZU I U 


1 00 

1 zz 


A/Pli irlc/f^i lannvi/n^Om /0fl1 fl 
A/ UULrvoUdliyXI/UjZLj l/ZU 1 U 


1 11. 


A/Pli irlc/f^i lannvi/nzlOni /001 fl 

a/ uuLrvoudi lyxi/u^yL/ l/ZU 1 U 


1 0/t 

I Z'l 


A /Pli \r\flC\ nnnui/fl/lOm/lfl 1 fl 
A/UULK/oUdliyXI/U^-yUZ/ZU I u 


I ZD 


a /Hi n-u/r'i nnnvi /n/ion^om n 

A/UUCK/vjUdliyXI/U^fyUjZU I u 


1 Oft 

I zo 


A/ UULK/uUdl iyXI/U i tyL/'H/ZU 1 U 


1 07 
I Z/ 


A /Hi \c\clC\ lannvi/flztGrm/Oni fl 

a/ uuLivoudi lyxi/u^tyL/j/zu 1 u 


1 OR 
I Zo 


a/ uuLK/uudi lyxi/u^+yuo/zu 1 u 


1 1Q 

i zy 


a /rii i<-\s/ri nnnvi/n/ioni o /om n 
a/ uuLK/oUdriyxi/u^fyu i z/zu i u 


i 3n 

1 jU 


a /rii \ i-\sic \ i^n^vi /n/iQni ^ /om n 
a/ uuLK/oUdriyxi/u^fyu i j/zu i u 


1 5 1 


a /rii ir-u/^i i^nr-ivi /n/io.m 7/om n 
a/ uuLK/oUdriyxi/u^fyu i //zu i u 


1 11 
1 jZ 


A/Pli irlc/f^i lannvi/nzlQni 8/001 ("I 
A/ UULrvoUdl iy xi/u^y L> I O/ZU I u 


1 33 


A/Di irlc/f^i lannvi/n^nzl/Oni fl 
A/ UULrvoUdl iyXI/U J Jl_J^+/ZU 1 U 


1 3/1 


a /rii n-u/r 1 ! i^n^ivi /n^^nc; /on 1 n 

A/UULK/oUdliyXI/UjjLo/ZU I U 


1 3 c, 

1 JJ 


a /Pii n-l/-/f~'i nnnvi /n^^nft/on 1 n 

A/UULK/oUdliyXI/UjjUD/ZU I U 


1 3ft 

I JO 


a /rii n-u/r 1 ! i^n^ivi /n^^n7/on 1 n 

A/UULK/oUdliyXI/UjjU//ZU I U 


1 37 
I j/ 


A /Pli ii-l/-/f~'i nnnvi /n^^PlI 3 /0H1 H 
A/UULK/oUdliyXI/UjjU I j/ZU I U 


1 3R 
I JO 


A /rii irL'/ni lanrivi/n^non/oni n 

A/ UULK/uUdl iyXI/U J JLJZU/ZU 1 U 


1 3Q 


A/ UULK/oUdNyXI/UJOL/ l/ZU I u 


1 /in 

1 - IU 


a /Pii ir-b/^i i=irir-ivi /n^Qpft /on 1 n 

A/ UULK/oUdriyXI/UjoUO/ ZU I u 


1 -1 1 
I'll 


A /Pli \ i~\s/C\ i=irir-ivi /n^QPQ/Om Pi 
A/UULK/oUdliyXI/UjoUo/ZU I U 


1 Al 

I - 1 z. 


a /Pii i<-\s/ri nnnvi /n^QPii o /om n 

A/ UULK/oUdriyXI/UjoU ! Z/ZU I u 


1 1 J 


A /pii irlc/f^i lannvi/n^Rni 3/Ofll fl 
A/ UULrvoUdliyXI/UJOL/ 1 J/ZU IU 


1 /I A 

\'\'\ 


A /Pii n-l/-/f~'i nnnvi /n^QPii c;/onm 

A/UULK/oUdliyXI/UjoU I j/ZU I U 


1 /I C 
r I J 


a /Hi ir-i//^i nnnvi/nsTmnni n 
A/uucK/ouangxi/UuzUz/zu i u 


1 /Ift 
I 'ID 


a /Pii n-l/-/f~'i nnnvi /nfton^ /on 1 n 

A/UULK/oUdliyXI/UDZUj/ZU I U 


1 / 1 7 


A/lJUCK/Guangxi/(JD2U4/2(Jl (J 


148 


A/Duck/Guangxi/062D5/201 0 


149 


A/Duck/Guangxi/062D7/201 0 


150 


A/Duck/Guangxi/062D8/201 0 


151 


A/Duck/Guangxi/062D9/201 0 


152 


A/Duck/Guangxi/062D1 0/2010 


153 


A/Duck/Guangxi/062D1 1/2010 


154 


A/Duck/Guangxi/062D1 2/201 0 


155 


A/Duck/Guangxi/062D1 3/201 0 
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Table 1 Clinic cloacal swab samples used to evaluate the feasibility of RT-LAMP assay (Continued) 



156 A/Duck/Guangxi/062D1 4/2010 

157 A/Duck/Guangxi/062D1 5/2010 

158 A/Duck/Guangxi/062D1 7/2010 

159 A/Duck/Guangxi/062D1 8/2010 

160 A/Duck/Guangxi/062D1 9/2010 

161 A/Duck/Guangxi/066D2/2010 

162 A/Duck/Guangxi/066D5/2010 

163 A/Duck/Guangxi/066D7/2010 

164 A/Duck/Guangxi/066D1 0/2010 

165 A/Duck/Guangxi/066D20/2010 

166 A/Duck/Guangxi/BSD20/2010 

167 A/Duck/Guangxi/BSDI 2/2010 

168 A/Duck/Guangxi/BSDI 8/2010 

169 A/Duck/Guangxi/BSD23/2010 

170 A/Duck/Guangxi/BSD38/2010 

171 A/Duck/Guangxi/070D5/2010 

172 A/Duck/Guangxi/072D1 4/2010 

173 A/Duck/Guangxi/072D1 6/2010 

174 A/Duck/Guangxi/072D1 3/2010 

175 A/Duck/Guangxi/072D1 9/2010 

176 A/Duck/Guangxi/072D1/2010 



Table 2 Virus strains used for specificity of H3-RT-LAMP 



assay 

Number Virus strain H3-RT-LAMP 

1 A/Duck/Guangxi/030D/2009(H1N1) 

2 A/Mallard/Alberta/77(H2N3) 

3 A/Mallard/Alberta/85(H3N6) + 

4 A/Duck/Guangxi/N42/2009(H3N2) + 

5 A/Duck/Guangxi/027D/2009 (H4) 

6 A/Turkey/GA/209092/02(H5N2) 

7 A/Turkey/CA/35621/84(H5N3) 

8 A/waterfowl/GA/269452-56/03(H5N7) 

9 A/Turkey/MA/40550/87-Bel42(H5N1) 

10 A/Turkey/WI/68(H5N9) 

1 1 A/Turkey/Ontario/63(H6N8) 

12 A/Chicken/NY/273874/03(H7N2) 

13 A/Turkey/Ontario/6118/67(H8N4) 

14 A/Duck/Guangxi/RX/09(H9N2) 

15 A/Turkey/MN/24838-590/79(H10N7) 

16 A/Chicken/Guangxi/43C/09(H11) 

17 A/Duck/Alberta/60/76(H12N5) 

18 A/Gull/MD/704/77(H13N6) 

19 A/Duck/Australia/341/83(H15N8) 

20 Newcastle disease virus (Lasota) 

21 Infectious bronchitis virus (M41) 

22 Infectious Laryngotracheitis virus 

23 Mycoplasma gallisepticum (S6) 



Analysis of RT-LAMP assay products 

For the visual inspection of the products of the RT- 
LAMP assay, white magnesium pyrophosphate precipita- 
tions in the tube were centrifuged at 8,000 X g for 5 
min in a Biofuge centrifuge (Primo R, HERAEUS). 
Meanwhile, color changes of the reaction mixture were 
observed directly under daylight and UV light. 

Agarose gel electrophoresis analysis and DNA sequencing 

Five ul of the RT-LAMP assay product was analyzed 
using 1.5% agarose gel electrophoresis. To test the speci- 
ficity of the RT-LAMP assay product, the RT-LAMP 
amplicons were first digested with EcoRl and EcoRV 
restriction enzymes using the suggested protocol and 
then analyzed with 1.5% agarose gel electrophoresis. The 
products digested by restriction enzymes were purified 
using an AxyPrep ™ DNA Gel Extraction Kit and were 
sequenced by Invitrogen Company. 

Sensitivity and specificity of RT-LAMP assay 

The detection limit of RT-LAMP was determined by 
testing serial 10-fold dilutions of total RNA of A/Duck/ 
Guangxi/N42/2009 (H3N2) respectively, and the same 
concentration samples were comparatively detected by 
RT-PCR. All of the experiments were repeated three 
times. The concentration range of total RNA in the 
diluted sample was lng/tube to lfg/tube, measured by 
ultraviolet spectrophotometer (Beckman UV-800). 
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Table 3 Sequences of primers designed for RT-LAMP assay 


Primer name 


Sequence(5'-3') a 


Genome position 


FIP 


GGATTATAGTCTGTTGGCTTCTCC-GAATTC-TGTATGTTCAAGCCTCA 


658-720 


BIP 


GGCCAATCTGGCAGAATAAGC-GATATC-CCAUACTATTGATTACCAGTACGT 


750-823 


F3 


CACAAATCAAGAACAAACCA 


635-654 


B3 


CCGAGGAGCGATTAGGTT 


825-842 


LF 


GGTAGAGACTGTGACTCT 


678-695 


LB 


ATCTATFGGACAGTAGTCAAACCTG 


771-795 



a The restriction enzyme site sequences of EcoR I and EcoR V were added in FIP and BIP primer respectively. Primers of F3, B3 were applied to the RT-PCR assay 
of H3 subtype AlVs. 



To evaluate the specificity of the primer set used for 
the RT-LAMP assay, DNA/RNA extracted from differ- 
ent subtype AIVs and from Newcastle disease virus 
(NDV), infectious bronchitis virus (IBV), infectious lar- 
yngotracheitis virus (ILTV), Mycoplasma gallisepticum 
(MG) were detected by RT-LAMP assay. The amplifica- 
tion results were analyzed using 1.5% agarose gel elec- 
trophoresis and the color changes of reaction mixture 
were inspected under daylight and UV light. 

Detection of clinical specimens by RT-LAMP assay 

A total of 176 cloacal swabs were collected from poultry 
at LBMs. The clinical specimens were prepared in a 
viral transport medium, which was made up of 0.05 M 
phosphate buffered saline (PBS) containing antibiotics of 
penicillin (10000 units/ml), streptomycin (10 mg/ml), 
gentamycin (10 mg/ml), kanamycin (10 mg/ml) and 5% 
(v/v) fetal bovine serum. Cloacal swabs samples were 
injected into 9-to 11-day-old embryonated specific- 
pathogen-free (SPF) chicken eggs as previously described 
[5]. Allantoid fluids were recovered 48-72 hrs after incu- 
bation for virus detection and titration as described [23]. 
All clinical specimens were tested by RT-LAMP, RT- 
PCR, and virus isolation, respectively. 



632 F3 F2 LFc 

AAG |CACAAATCAAGAACAAACCA| ATC tTGTATGTTCAAGCCTCA] GGA AGAOTC 
Flc 

ACAGTCTCTACC A ^AGAAGCCAACAGACTATAATCC| CAAACATTGGATCTAG 

Blc LB 
ACCCTGGGTAAGG ^KCAATCTGGCAGAATAAGClATCTATTGGACAGTAGTCA 
B2c B3c 

aacctg ggg |ac(;tactg(;taatcaatagtaatgc;| a |aac'ctaatc(;ctc - ctcgg| 
ggctatttcaaaacacgtattgggaaaagctcaataatgagatcagatgcacct 

900 
ATTG 

Figure 1 Positions of RT-LAMP primers on HA gene of H3 
subtype AIVs. Locations of primers binding sequences are 
underlined and boxed. The referenced sequence A/Duck/GuangXi/ 
N42/2009(H3N2) can be obtained in GenBank (accession number 
JN003630). 



Results 

The optimal protocol of RT-LAMP assay and inspection of 
products 

The RT-LAMP reaction was optimized in a 25 ul total 
reaction mixture and performed in a conventional water- 
bath for 45 min at 63°C and then for 5 min at 80°C to 
terminate the reaction. The details of optimize reaction 
solution of RT-LAMP assay are shown in Table 4. 

The positive results of RT-LAMP assay showed typical 
ladder pattern by 1.5% agarose gel electrophoresis (Fig- 
ure 2-A). Furthermore, a large amount of DNA was 
synthesized, yielding a large white magnesium pyropho- 
sphate by-product, so the white magnesium pyropho- 
sphate on the bottom of the tube could be inspected 
after centrifugation. Alternatively, a color change in the 
reaction solution could be seen with the naked eye: the 
solution changed from orange to green for a positive 
reaction and remained orange for the negative reaction 
(Figure 2-C). In addition, the positive sample showed a 
strong green fluorescence under UV light (Figure 2-D). 
The products of the RT-LAMP assay digested by EcoR I 

Table 4 The reaction system of RT-LAMP assay 



Reaction component 


Reaction volume of 
H3-RT-LAMP assay 


10 x Thermopol Buffer 


2.5 uL 


MgS0 4 




5 mmol/L 


Betaine 




1 mmol/L 




F3 


02 umol/L 




B3 


02 umol/L 


imer 


FIP 


1.6 umol/L 




BIP 


1 .6 umol/L 




LF 


0.8 umol/L 




LB 


0.8 umol/L 


dNTP 




1.4 mmol/L 


Calcein 




25 umol/L 


MnGI 2 




0.5 mmol/L 


M-MuLV RTase 




200U 


Bst DNA polymerase 


8U 


Template RNA 




2 uL 


Nuclease-free water 




Up to 25 uL 
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(A) 



0.5kb 





(C) 











I 




1 






0.1 kb 



Figure 2 Detection of H3 subtype AIVs by RT-LAMP assay. (A) 

Products of RT-LAMP assay confirmed by 1.5% agarose gel 
electrophoresis. (B) Products of RT-LAMP assay digested by EcoR 
and EcoR V restriction enzyme. (C) Result of RT-LAMP assay under 
daylight. (D) Result of RT-LAMP assay under UV light. M:100 bp. a: 
positive sample, b: negative sample. 



and EcoR V restriction enzymes displayed predicted 
fragments (Figure 2-B). These fragments were purified 
and then confirmed by sequencing analysis (date not 
shown). 

Specificity and sensitivity of RT-LAMP assay for detection 
of H3 Subtype AIVs 

The viral DNA/RNA extracted from the different sub- 
type AIVs and NDV, IBV, ILTV, MG were detected 
using the RT-LAMP assay to evaluate the specificity. 
The results of the negative sample showed no typical 
ladder pattern by 1.5% agarose gel electrophoresis and 
also had no color change detectable under daylight or 
UV light, which indicated that RT-LAMP assay had no 
cross reaction with other viruses (Table 2). The detec- 
tion limit of RT-LAMP assay was 0.1 pg total RNA of 
virus, which was 100-fold higher than that of RT-PCR. 
The results of the visual detection of sensitivity tests are 
shown in Figure (3A, B and 3C). 

Evaluation of RT-LAMP assay with clinical Samples 

A total of 176 random cloacal swab samples were col- 
lected from poultry at various LBMs and were tested by 
RT-LAMP, RT-PCR, and virus isolation respectively 
(Table 1). The results of virus isolation showed that 
there were 38 positive samples of H3 subtype AIVs 
among the 176 cloacal swab samples, which was consis- 
tent with that of RT-LAMP assay; however, three posi- 
tive samples were missed by RT-PCR. The results of 
statistical analysis showed that comparative detection of 
H3 subtype AIVs from cloacal swab samples by RT- 
LAMP was not statistically significant from RT-PCR and 
virus isolation (Table 5). 



lng lOOpg Wpg lpg 0.1 pg 0.01pg lfg NC 



TTfTFTTT 

IW In' f ^ %V 1-f 



(A I 




Figure 3 Comparative sensitivity tests between RT-LAMP and 
RT-PCR assays for detection of H3 subtype AIVs (the detection 
range of virus total RNA was 1ng/tube to 1fg/tube) (A) The 

result of sensitivity test for RT-LAMP assay under daylight. (B) The 
result of sensitivity test for RT-LAMP assay under UV light. (C) The 
result of sensitivity test for RT-PCR. M: 100 bp. NC: negative control. 



Discussion 

The H3 subtype AIVs can provide genes for human 
influenza virus through gene reassortment, which raises 
great concerns in terms of its potential threat to human 
health [6]. Consequently, the development of a rapid, 
simple, sensitive detection method for H3 subtype AIVs 
is required. So far, there are several PCR-based methods 
being used to detect AIVs, but they all need precision 
instruments to amplify the nucleic acid of target sample; 
therefore, they can't be applied in field conditions 
[24,25]. The loop-mediated isothermal amplification 
(LAMP) assay is a nucleic acid amplification method 

Table 5 Comparative detection of cloacal swab samples 



by virus isolation, RT-PCR and RT-LAMP 


Results 


Virus isolation 3 


RT-PCR b 


RT-LAMP C 


Positive 


38 


35 


38 


Negative 


138 


141 


138 


Total 


176 


176 


176 


Sig.(P value) 


a-b:0.696 


b-a:0.696 


c-a:1.000 




a-c: 1.000 


b-cO.696 


c-b:0.696 



a Virus isolation, b RT-PCR, C RT-LAMP. 

The significant differences among the three detection methods were analyzed 
by SPSS software. The default significance level is 0.05. 
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developed by Notomi et al. that does not require any 
specialized equipment [11] and can be performed in a 
water bath or a heating block at an isothermal tempera- 
ture between 60°C to 65°C within 30 to 60 min. In con- 
trast, the conventional PCR method takes at least one 
hour. 

The LAMP assay relies on autocycling strand displace- 
ment DNA synthesis performed by Bst DNA polymerase 
with a high degree of strand displacement activity, which 
leads to an excellent sensitivity. The primer set of LAMP 
assay comprise two outer primers (forward primer F3 
and backward primer B3), two inner primers (forward 
inner primer FIP and backward inner primer BIP), and 
two loop primers (forward loop primer LF and backward 
loop primer LB) and it recognizes eight sites on the target 
sequence specific to HA gene, so it's specificity is very 
high. The viral RNA can be detected by the one-step RT- 
LAMP assay. When this is performed with reverse tran- 
scriptase and LAMP reaction mixture, the reverse tran- 
scription and DNA amplification can be accomplished at 
a constant temperature within 60 min. 

During amplification, a large amount of white magne- 
sium pyrophosphate is produced, which can be inspected 
directly with the naked eye. Alternatively, the result of 
the RT-LAMP assay can be visualized by adding fluores- 
cence reagent (Calcein and MnCl 2 ) into the reaction mix- 
ture to observe the change of the reaction color under 
day light or UV light [11-13]. Before the amplification 
reaction, calcein is combined with manganese ion to get 
the quenching effect, so the reaction solution is orange. 
Along with LAMP reaction processing, pyrophosphate 
ions remove manganese ions from calcein, resulting in 
greater fluorescence, which indicates the presence of the 
target gene [12]. 

In the present study, we first developed a rapid and 
sensitive RT-LAMP assay to visually detect H3 subtype 
AIVs. According to the sequences of the HA gene of H3 
subtype AIVs available in GenBank and the sequences of 
H3 subtype AIVs isolated in China, we designed several 
sets of primers and finally chose the optimal set after 
many comparative experiments to ensure the high speci- 
ficity and sensitivity of the RT-LAMP assay. 

The proportions of the reagents in the reaction mix- 
ture were optimized to develop a stable RT-LAMP assay 
with high sensitivity. The detection limit of the RT- 
LAMP assay was 0.1 pg total RNA of virus, which was 
100-fold higher than that of RT-PCR. The results of the 
specificity test showed that the assay had no cross reac- 
tion with other subtype AIVs and avian respiratory 
pathogens. Furthermore, a total of 176 cloacal swab 
samples collected from LBMs were tested using RT- 
LAMP, RT-PCR, and virus isolation respectively. The 
results showed that the clinical sensitivity of the RT- 
LAMP assay was consistent with virus isolation. 



Although the RT-LAMP assay has many advantages 
over the similar nucleic acid amplification method, there 
is still a problem to note. Because of the high sensitivity 
of the RT-LAMP assay, a micro amount of RNA contam- 
ination in reagents, environment and instruments, such 
as the pipette, can result in a false positive. Moreover, the 
RT-LAMP assay has great amplification efficiency so the 
reaction product can form aerosol to contaminate the 
surroundings when opening the tube. To avoid the con- 
tamination in this study, the fluorescence reagent (Cal- 
cein and MnCl 2 ) were added to RT-LAMP reaction 
mixture before amplification in order to inspect the 
result of RT-LAMP assay directly with the naked eye. 

Conclusions 

In this study, the established RT-LAMP assay with high 
sensitivity was performed in a water bath within only 50 
min, and the amplification results were visualized by 
adding fluorescence reagent. In summary, the newly 
developed assay can be used as one important method 
for detecting H3 subtype AIVs in field conditions with 
no need for specialized equipment. 
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